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(54) Silane copolymer and a method for producing the same 

(57) A silane copolymer which Is usable, for exam- 
ple, as an ingredient of a cosmetics for skin, hair or the 
like; obtainable by polycondensing one or more organic 
silane compounds having a hydrophilic group repre- 
sented by the following general formula (1): 



R\3-m)SKOH)^-B 



(I) 



with one or more silane compounds represented by the 
following general formula (III): 



F^nSi(OH)pY(4.p.„) 



(III) 



and optionally further 

reacting the resulting copolymer with one or more silane 
compounds represented by the following general for- 
mula (V): 



R^3Si(OH) 



(V) 



wherein R*", R^, R^. A. B, Y, m, n and p are as defined in 
the claims. 

and a method for producing the same are provided. 
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Description 

[0001] The present invention relates to a silane copolymer and a method tor producing the same. More particularly, 
the present irrvention relates to a silane copolymer which is obtainable by polycondensing. in an aqueous solution, one 

5 or more organic silane compourKls (I) having a hydrophilic organic group and at least two hydroxyl groups directly 
bonded to a silicon atom with one or more silane compounds (111) having at least two hydroxyl groups directly bonded 
to a silicon atom; and a silane copolymer which is obtainable by polycondensing, in an aqueous solution, one or more 
organic silane compounds (I) with one or more silane compounds (III), then by allowing this resulting organic silane 
compound-sllane copolymer to further cause addition reaction with one or more silane compounds (V) having one 

10 hydroxyl group directly bonded to a silicon atom, wherein the composition is endowed with properties based on the 
silane compound( 111) in addition to properties based on the organic silane compound (V) having the hydrophilic group; 
and a method for producing the same. 

[0002] Conventionally, a polypeptide is used in cosmetics for giving e.g. adsorption action onto hair, skin irritation 
reducing action, protecting action by film forming and moisture retention action owned by the polypeptide. In addition to 
T5 the polypeptide, silicone oils (organic silicone compound), various polymers, surfactants and the like are compounded 
in cosmetics to give cosmetics properties of these compounding agents in addition to the properties of the polypeptide. 
However, there has been a problem that some compounding agents are incompatible with the polypeptide and proper- 
ties of the compounding agents and the polypeptide can not be fully manifested. 

[0003] For example, though a silicone oil has excellent extending property, luster and gloss giving action and protect- 

20 ing action by giving water repellency, since the silicone oil is originally a hydrophobic (lipophilic) substance and incom- 
patible with a liydrophillc polypeptide, aqueous cosmetics compounding the silicone oil lack emulsion stability, even if 
an emulsif ier is compounded together and value as commercial cosmetics is easily lost. Further, a polypeptide in cos- 
metics is not easily adhered to parts which have been contacted with the silicone oil in cosmetics previously, and 
inversely, the silicone oil is not easily adhered to parts which have been contacted with the polypeptide previously. 

25 Therefore, properties of both componerrts can not be fully manifested. 

[0004] For solving above-mentioned problems, a polyoxyalkylene-modified silicone into which a polyoxyalkylene is 
introduced for the purpose of imparting hydrophiltclty to a silicone is used in water-soluble cosmetics. However, this sil- 
icone is not easily adsorbed onto hair and skin since it does not have ionidty unlike a polypeptide. 
[0005] For solving these problems, it is also suggested that a hydrophobic silicone oil is reacted with a hydrophilk: 

30 polypeptide to synthesize a peptide-modified silicone derivative having properties of the silicone oil and properties of 
the polypeptide together, in order to solve defects occurring when a silicone oil and a polypeptide are compounded 
together and to nranifest properties of the silicone oil and properties of the polypeptide (JP-A-3-223207). „ 
[0006] However, the above^escribed peptide-modiffed silicone derivative disclosed in JP-A-3'223207 has a problem 
that it causes turbidity and precipitation in storage since pH stability and storage stability thereof in water are poor due 

35 to influence of silicone parts, which is poorly soluble or insoluble in water, and since hair cosmetics and skin cosmetics 
are usually water-soluble. Further, there is also a problem that production of the above-descrit>ed peptide-modlf led sil- 
icone derivative shows poor reactivity and consequently gives low yield since this production is carried out in water by 
reacting a silicone oil. vi/hlch is poorly soluble or insoluble in water, witti a water-soluble polypeptide. Therefore, for 
improving the yietel. a water-soluble organic solvent such as an alcohol should be added. 

40 [0007] For solving these problems, there has been produced, in an aqueous solvent, a silylated peptide in which a 
functional group containing only one silicon atom is connected to an amino grotp in a peptide tsy covalent bond (JP-A- 
8-59424 and 8-67608), and which Is usable as a base material of cosmetics and in a fiber treating agent. 
[0008] However, this silylated p^ide is inferior to a silicone oil in extending property and smoothness imparting prop- 
erty since it contains small amount of silyl groups bonded to a peptide chain though it manifests excellent adsorb ability 

45 onto hair and skin. 

[0009] On the other hand, it has also been suggested tiiat a polypeptide derivative endowed with properties other 
than property of a polypeptide is prepared by adding a fatty acid and a functional group to a polyp^tide or by effecting 
esterification, and the polypeptide derivative is compounded in cosmetics to utilize adsorption action onto hair and skin 
owned by the polypeptide and to manifest tine above-described properties on hair and skin. For example, a quaternary 
so ammonium derivative of a peptide, fatty acid acylated derivative of a peptide and esters of a peptide have been widely 
used in cosmetics. 

[001 Q] However, since sites on the polypeptide to which functional groups are introduced are limited. functk>nal 
groups can not be added over certain amount and the properties to be added to a polypeptide have been limited. 
[001 1] Furtiier. adding two or more properties in addition to properties originally owned by a polypeptide and mani- 
ss testing all properties have been desired. 

[0012] Accordingly, an object of the present invention is to provide a compound which has an desirable property in 
addition to excellent properties of a silicone compound and a polypeptide, and which can be easily produced in an 
aqueous system without using an organic solvent. 
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[001 3] The present invention provides: 

a silane copolymer (T) which is obtainable by polycondensing one or more organic sllane comF>ounds(l) having a 
hydrophilic group represented by the following general formula (I): 

5 R\3.m)Si(0H)n,A-B (0 

wherein m represents 2 or 3, represents an alkoxy group, a hydrogen atom or an alley! group having 1 to 3 carbon 
atoms. A is a connecting moiety and represents at least one group selected from a methylene group, propylene group. 
-(CH2)30CH2CH(OH)CH2-. -(CH2)3S-. - (CH2)3NH- and -(CH2)30COCH2CH2-. and B represents a hydrophilic organic 
10 group with one or more silane compounds (ill) represented by the following general formula (111): 

R^Si(OH)pY(4.p.n) 0") 

wherein n represents an integer from 0 to 2, p represents an Integer from 2 to 4, n+p^4 , represents an organic 
IS group in which a caibon atom is directly connected to the silicon atom and when n is 2. the two groups may be the 
same or different, and Y represent at least one group selected from an alkoxy group, hydrogen atom and siloxy group 
and when 4-p-n Is 2, the Y groups may be the same or different. 

[0014] By the above silane copolymer, excellent properties based on the organic silane oompourKl represented by 
the general formula (I) and properties based on the silane compound represented by the general formula (III) are 
20 together obtained, and further, an additional property can also be manifested by the added functional group of the 
silane compound (111)- 

[001 5] Furthermore, it has been found that a silane copolymer excellent in storage stability can be obtained by adding 
a silane compound having one hydroxy! group to the hydroxyl group in the silane copolymer (T). 
[001 6] Thus, present invention also provides: 
25 a silane copolymer (U) which is obtainable by polycondensing one or more organic silane compounds (I) having a 
hydrophilic group represented by the general formula (I) with one of more silane compounds (III) represented by the 
general formula (III): and then, one or more silane compounds represented by the following general formula (V): 



30 



35 



R33Si(OH) (V) 

wherein represent an organic group in which a cartx)n atom is directly connected to the silicon atom and the three 
R^ groups may be same or different, Is reacted with the resulting silane copolymer. 

[0017] As mentioned above, by adding a silane compound represented by the general formula (V) to the hydroxyl 
group in the silane copolymer (T). a silane copolymer excellent in storage stability can he obtained. 

Fig. 1 is the result of gel filtration analysis of the silane copolymer obtained in Example 1 and the raw nnaterial used 
in Example 1. 

Fig. 2 Is the result of gel filtration analysis of the silane copolymer obtained in Exanple 2 and the raw material used 
in Example 2. 

40 Rg. 3 is the result of gel filtration analysis of the silane copolymer obtained in Example 3 and the raw nnaterial used 
in Example 3. 

Fig. 4 is the result of gel filtration analysis of the silane copolymer obtained in Example 4 and the raw material used 
In Example 4. 

Fig. 5 is the result of gel filtration analysis of the silane copolymer obtained in Example 5 and the raw material used 
45 In Example 5. 

Fig. 6 is the result of gel filtration analysis of the silane copolymer obtained in Example 6 and the raw material used 
in Example 6. 

Fig. 7 is the result of gel f iltratfon analysts of the silane copolymer obtained in Example 7 and the raw material used 
in Example 7. 

so . Fig. 8 Is the result of gel filtration analysis of the silane copolymer obtained in Exanrple 8 and the raw material used 
in Example 8. 

Fig. 9 Is the result of gel filtration analysis of the silane copolymer obtained in Example 9 and the raw material used 
in Example 9. 

Fig. 10 is the result of gel filtration analysis of the silane copolymer obtained In Example 10 and the raw material 
55 used In Example 1 0. 

Fig. 1 1 is the result of gel filtration analysis of the silane copolymer obtained in Example 11 and the raw material 
used in Example 11. 
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[0018} The organic silane compound having a hydrophilic group represented by the general formula (I) i8 generally 
caller ^ silyi compound. Some kinds of the organic silane compound (I) may be ot>tained by hydrolysis of a silane com- 
pou' presented by the following general formula (VI): 

5 R^sSiA-B (VI) 

wherein represents a hydroxyl group, alkoxy group, halogen group, hydrogen atom or alkyl group having 1 to 3 car- 
bon atoms, the three R"* groups may be the same or different, provided that at least two of three R"^ represent an alkoxy 
group or halogen group, and A and B are as defined in the formula (I). Other kinds of the organic silane compound (I) 

10 may be obtained not from the silane compound represented by the general formula (Vf). 

[0019] Examples of the hydrophilic organic group represented by B connected by the connecting moiety A in the 
above^lescribed general formula (I) include a protein, peptide or derivatives thereof, polyamino acid, saccharide . poly- 
oxyalkylene ether, cartx>xylic acid or salt and derivatives thereof, sulfuric acid or salt and derivatives thereof, phosphoric 
acid or salt and derivatives thereof, sulfonic acid or salt and derivatives thereof, amine or salt thereof and polyamine or 

15 salt thereof, and the like. 

[0020] Among the organic silane compounds having a hydrophilic group represented by the above-described general 
formula (I), those having a peptide as the hydrophilic organic groip represented by B manifest extremely excellent prop- 
erties, when the resulting silane copolymer is used as a raw material of cosmettcs, since the peptide has f Sm forming 
action and excellent adsorbability onto skin and hair. Among the peptide, those having a number average molecular 
so weight of 100-50,000 are particularly preferable. 

[0021] Typical example of such silane compounds represented by the general formula (I) in which the hydrophilic 
organic group Is a peptide or derivative thereof include silylated peptides represented by the following general formula 
(VII): 

R*-S1-A- ( NH-CH-CO ) ( WH-CH-CO ) r-OH { VI I ) 

I, 



35 



s < ' 
I 



wherein at least two of R^, R^ and R^ represent a hydroxyl group, and the remaining group represents an alkyl group 
having 1 to 3 carbon atoms, R^ represents a residual group of a basic amino acid obtained by removing a terminal 
40 amino group of the basts amino acid having two or more amino group on the terminal of the amino add. R^ represents 
a residual group of an amino acid other than R^. A is a connecting moiety and represents at least one groip selected 
from 

-CHg-. -(CH2)3-. •tCH2)30CH2CH(OH)CH2-, - (CH2)3S-. -(CH2)3NH- and -(CH2)30COCH2CH2-, q is 0 to 500. r 
is 0 to 500 and q-K is 1 to 500. wherein q and r represent only the number of an amino acid and does not represent the 
45 order of amino acid sequence. These silylated peptkies can be easily synthesized in an aqueous solution by methods 
disclosed in JP-A-8-59424 and 8-67608. 

[0022] In the silylated peptide represented by the above-described general formula (VII). R^ represents a residual 
group of a basic amino acid obtained by removing a terminal amino group of the basic amino acid having two or more 
amino groups on the terminal of the amino acid. Examples of the above-described basic amino acid having two or more 
50 amino groups on the terminal of the amino acid include lysine, arginine and hydroxylysine. R^ represents a residual 
group of an amino add other than R^. and examples of such amino acid include glutamic acid, aspartic add, alanine, 
serine, threonine, valine, methionine, leucine, isdieucine. tyrosine, phenylalanine, proline and hydroxyproline. 
[0023] Examples of the amino add compositions of typical proteins which are used as a starting material of the pep- 
tide represented by B in the formula (I) are as shown in the following Tables 1 and 2. 
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Tabiel 





Amino acid composition (mol%) 






Keratin 


Wheat 


Glycine 


35.4 


8.8 


6.8 


alanine 


11.2 


6.0 


4,2 


valine 


2.1 


6.2 


2.7 


leucino 


2.4 


7.6 


6.5 


isoleuclne 


1.0 


2.8 


1.6 


phenyalanine 


1 4 


1.7 


4.5 


tvrosine 


13.4 


8.4 


14.4 


threonine 


0.8 


9.0 


2.1 


serine 


1.9 


10.8 


6.1 


tyrosine 


0.3 


1.5 


1.5 


methionine 


0.6 


0.1 


1.4 


halfcystine 




10.2 


2.2 


arglnine 


9.8 


9.8 


0.1 


histidine 


0.4 


0.7 


2.2 


lysine 


2.7 


3.3 


1.1 


aspartic acid 


4.7 


3.6 


3.0 


glutamic acid 


7.8 


9.5 


39.6 


hydroxyproline 


9.4 






hydroxylysine 


0.9 






Table 2 




Amino acid composition (mol%) 




Soybean 


Silk 


Yeast 


Glycine 


9.5 


42.9 


8.2 


alanine 


7.2 


30.6 


9.4 


valine 


5.2 


2.6 


7.7 


leucine 


7.9 


0.6 


9.0 


isoleuclne 


3.8 


1.0 


5.9 


phenylalanine 


3.5 


2.3 


4.2 


tyrosine 


7.2 


0.3 


3.0 


threonine 


1.2 


0.9 


5.9 


serine 


3.2 


9.7 


5.7 


tyrosine 


1.6 


4.9 


3.2 


methionine 


1.0 


trace 


1.3 
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Table 2 (oontimed) 





Amino acid composition (mol%) 




Soybean 


Slll< 


Yeast 


hatfcystine 


0.3 


trace 


0.5 


arginine 


1.6 


0.1 


4.7 


histidine 


3.5 


trace 


2.1 


lysine 


4.4 


0.5 


7.7 


aspartic acid 


15.3 


2.1 


10.1 


glutamic acid 


23.6 


1.5 


11.4 


hydroxyproline 








liydroxylysine 









[0024] In the silylated peptide of the formula (Vll). q is from 0 to 500. preferably more than 0 and not more than 200. 

more preferably more than 0 and not more than 50. particularly preferably more than 0 and not more than 10; r Is from 
20 0 to 500, preferably more than 0 and not more than 200, more preferafciJy from 1 to 100. particularly preferably from 2 to 

40; and q-i-r is from 1 to 500, preferably from 1 to 200. more preferably from 2 to 100. particularly preferably from 3 to 50. 

[0025] When q exceeds the above-described range, adsorisability onto hair as a peptide decreases. When r exceeds 

the above-described range, the nurnber of the silyl functional group connected to an amino group is the side chain 

increases, the ratio of the silyl functional group part to the peptide part lowers, consequently, properties owned by the 
25 silyl functional group part can not be fully manifested. When q-fr exceeds the above-described range, permeability and 

adsorbability onto hair as a peptide decreases as compared with a peptide having lower molecular weight, and further. 

it tends to coagulate in storage and storage stability thereof decreases, q, r and q-i-r represent theoretically an integer. 

however, when the peptide part is a hydrolyzed peptide as described below, measured values will be the averaged and 

may not be an integer since the hydrolyzed peptide is obtained in the form of a mixture of compounds having different 
30 molecular weights. 

[0026] Peptides used as the above-described silylated peptide represented by the general formula (Vll) include amino 
acids, peptides, and esters of amino acids or peptides. Examples of the above<lescrbed amino acid include alanine, 
glycine, valine, leucine, isoleucine, proline, phenylalanine, tyrosine, serine, threonine, methionine, arginine, histidine. 
lysine, asparagine. aspartic acid, glutamine, glutamic acid, cystine, cysteine, cysteic acid, tryptophan, hydroxyproline. 

35 hydroxylysine, o-phophoserine and citrulline. 

[0027] Examples of the at)ove-described peptide include natural peptides, synthetic peptides, hydrolyzed peptides 
obtained by partial hydrolysis of proteins using an acid, alkali, enzyme or combination thereof. 
[0028] Examples of the natijral peptide include glutathione, bacitracin A, insulin, glucagon, oxytocin and basopressin, 
and examples of the synthetic peptide include polyglycine, polylysine, polyglutamic acid and polyserine. 

40 [0029] Examples of tie hydrolyzed peptide include peptides obtained by partial hydrolysis, using an acid, alkali, 
enzyme or combination thereof, of proteins derived from animal and vegetable such as collagen (including gelatin which 
is denatured substance thereof), keratin, silkfibroin, sericin, casein, conchiolin. elastin; yolk protein and albumen pro- 
tein of eg^ of chicken and duck; soybean protein, wheat protein, corn protein, rice (rice bran) protein and potato pro- 
tein, or proteins derived from microorganisms such as yeast proteins separated from yeasts of Sacclnamomyces. 

45 Candida and Endomyccpsis and yeasts called beer yeast and sake yeast, proteins extracted from mushrooms (spore 
yeast) and proteins separated from chlorella. 

[0030] As the esters of the above-described amino acids or peptides, carboxyl esters witii hydrocarbon alcohol having 
1 to 20 carbon atoms, such as a metiiyl ester, ethyl ester, propyl ester, isopropyl ester, lauryl ester, cetyl ester, 2-ethyl- 
haxyl ester, 2-hexyldecy] ester and stearyl ester are exemplified. 
so [0031] The one or more silane compounds (111) represented by tiie general formula (III) is usually obtained by hydro- 
lyzing a silsme compound represented by the following general formula (II): 

F^nSiVn) (") 

55 wherein n represents an integer from 0 to 2. represents an organic group in which a cartx}n atom is directly con- 
nected to the silicon atom and when n is 2. the two groups may be the same or different, and X represent at least 
one group selected from a hydroxyl group, alkoxy group, halogen group, carboxyl group and amino group and the two 
or more X groups may be the same or different. 
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[0032] By hydrolysis, a silane compound represented by the general formula (II) generates at least two hydraxyl 
groups directly connected to a silicon atom and becomes a silane compound represent^i by the genera formula (III) to 
be polycondensed with the organic silane compound having a hydrophilic group represented by the general formula (I). 
Specific examples of such a silane compound represented by the general formula (II) include tetramethoxysilane, meth- 
yltrimethoxysilane. methyldimethoxysilane. dimethyldimethoxysllane, phenyltrimethoxysilane. diphenyldimethoxysi- 
lane, hexyltrimethoxysilane, decyltrimethoxysilane. vinyltrimethoxysllane. 3-methacryloxypropyltrimethaxysilane. 3- 
methacryloxypropylmethyldimethoxysilane, N-(2-aminoethyl)-3-aminopropyltrimethoxysilane. N-(2-aminoethyl)-3-aml- 
nopropylmethyldimethoxysilane, 3-aminopropyltrimethoxysilane. N-phenyl-3-aminopropyltrimethaxysilane, 3-chloro- 
propyltrimethoxysilane, S-chloropropylmethyldimethoxysilane. 3-mercaptopropyltrimethoxysilane, 3- 
glycosldcxypropyltrimethoxysilane. 3-glycosidoxypropylmethyldimethoxysilane. dimethyloctadecyl[3-(trlmethoxysi- 
lyl)propyl]ammonium chloride, 3-(trimethQxysilyl)propylpolyoxyethylene ether, tetraethoxysilane. methyltriethoxysilane, 
methyldiethoxysllane. dimethyldiethoxysilane. phenyitriethoxysilane, diphenyldiethoxysilane, vinyltriethoxysilane, 3- 
methacryloxypropyltriethoxysilane, 3-methacryloxypropylmethyldiethoxysilane, N-(2-aminoethyl)-3-aminopropyltrl- 
ethoxysilane, N-(2-aminoethyl)-3-amjnopropylmethyldiethoxysilane, 3-aminopropyltriethcwysiiane, 3-chloropropy1tri- 
ethoxysilane, 3-chloropropylmethyidiethQxysilane. 3-glycosidoxypropylmethyldiethoxysilane. 3- 

isocyanatepropyltriethoxysilane, methyldichlorosilane, methyltrichlorosilane, dimethyldichlorosilane. phenyltrichlorosi- 
lane, diphenyldichlorosilane. vinyltrichlorosilane and 3-chloropropylmethyldichlorosilane, and compounds obtained by 
condensing a protein, alkyi group, polyoxyethytene ether, polyoxypropylene ether, acrylic polymer, polyester, resin add. 
dye, ultraviolet ray absorber, preservatives, sterilizer, alkylammonium or an aromatic ring with a silane coupling agent 
such as N-[2-aminoethyl)-3-aminopropyltrimethoxysilane. N-{2-aminoethyl)-3-aminopropylmethyldimethoxysilane, 3- 
aminopropyltrimethoxysilane. 3-chloropropyltrimethoxysilane. 3-chloropropyl methyldimethoxysilane. 3-mercaptopro- 
pyltrimethoxysilane. 3-glycosidoxypropyltrimethoxysilane. 3-glycosidoxypropylmethyldimethoxysilane. 3-methacryloxy- 
propyltrlethoxysilane. 3-methacryloxypropylmeithyldielhoxysilane. N-(2-aminoethyl)-3-aminopropyltriethoxysilane. N-(2- 
aminoethyl)-3-aminopropylmethyldiethoxysllane, 3-aminopropyltriethoxysilane. 3-chloropropyltriethoxysilane. 3-chloro- 
propylmethyldiethoxysilane, 3-glycosidoxypropylmethyldiethoxysilane and 3-l$ocyanate propyltriethoxysilane. 
[0033] As the silane compound represented by the general formula (II). commercially available silane compounds 
may also be used. Examples of the commercially available silane compounds include KBM04, KBM13, KBM22. KB 
M103, KBM202. KBM3063. KBM3103, KBM1003. KBM503. KBM502. KBM603. KBM602. KBM903. KBM573, 
KBM703. KBM803, KBM403. POLON MF50. KBM641. KBE04, KBE13. KBE22. KBE103. KBE1003, KBE502, 
KBE503, KBE603, KBE602, KB E903, KBE402, KA12. KA13. KA22. KA103. KA202, KA1003 (trade name, manufac- 
tured by Shin-etsu silicone, Co.. Ud.) . and TSL8113. TSL8117, TSL8112. TSL8173. TSL8172, TSLB310. TSL8370. 
TSL8375. TSL8340. TSL8345, TSL8380. TSLB355, TSL8325, TSL8127. TSL8122, TSL8178. TSL8177, TSL8311, 
TSL8380. TSL8331. T$L8326. TSL8037, TSL8226. TSLB032. TSl-8063. TSL8062. TSL8395 (trade name, manufac- 
tured by Toshiba silicone, Co.. Ltd.) . and S26G70, S26300. SH6020, S26023. SH6062. SH4060. AY43-021. SZ6072. 
SZ6030. PRX11, PRX19 (trade name, manufactured by Toray-Dow Corning silicone, Co.. Ltd.) . and A-189, A-186. A- 
187, A-1310 (trade name, manufactured by Nippon Unikar, Co., Ltd.) . 

[0034] In the reaction of an organic silane compound having a hydrophilic group represented by the general fomiula 
(I) with a silyl compound represented by the general formula (III), for example, an aqueous solution of the organic silane 
conpound having a hydrophilic group represented by the general formula (I) Is controlled to become acidic with e.g. 
hydrochloric acid or sulfuric add or controlled to become basic with ag. an aqueous sodium hydroxide solution or an 
aqueous potassium hydroxide solution, and then, the silane compound represented by the general formula (II) is added 
dropwise to this solution. By this procedure, an alkoxy group or a halogen group of the silane compound represented 
by the general formula (II) are hydrolyzed to give a silane compound represerrted by the general formula (III) having at 
least two hydroxyl groups directly connected to a silicon atom, then, by conducting neutralization, a hydroxyl group of 
the organic silane compound having a hydrophilic group represented by the general formula (I) Is polycondensed with 
a hydroxyl group of the silane compound represented by the general formula (III) to obtain an silane copolymer (T). In 
the above reaction, hydrolysis of the silane compound represerrted by the general formula (») into the silane oompourid 
represented by the general formula (III) is effected in the same system in wWch polycondensation with the organic 
silane compound represented by the general formula (I) is conducted, and there is no need to conduct the hydrolysis of 
the silane compound represented by the general formula (II) in a system separated from the above-described poly- 
condensation system. 

[0035] When a silane compound represented by the general formula (VI) is used for producing the silane compound 
represented by the general formula (I), an aqueous solution of the silane compound represented by the general formula 
(VI) is controlled to become acidic with e.g. hydrochloric acid or sulfuric acid, or controlled to become basic vvith e.g. an 
aqueous sodium hydroxide solution or an aqueous potassium hydroxide solution, so that an alkoxy group or a halogen 
group connect«l to the silyl group in the compound (VI ) causes hydrolysis to give a hydroxyl group arri the organic 
silane compound represented by the general formula (I) is formed. Therefore, the silane compound represented by the 
general formula (IQ is thereafter added dropwise into the solution as described above to cause hydrolysis of an alkoxy 
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group or a halogen group of the silane compound represented by the general formula (II) for forming the silane com- 
pound represented by the general formula (III), then, by conducting neutralization, a hydroxy! group of the organic silane 
compound (I) having a hydrophilic group is polyoondensed with a hydroxy! group of the silane compound represented 
by the general formula (111) to give a silane copolymer. Also when the silane compound represents by the general for- 

5 mula (VI) is used, hydrolysis thereof can be conducted by controlling to acidic pH or basic pH as described above, 
therefore, hydrolysis of the silane compound represented by the general formula (VI) into the silane compound repre- 
sented t3y the general formula (I) can also be effected In the same system as the reaction system for polycondensing 
the above-described organic silane compound (I) with the silane compound represented by the general formula (III) and 
is not required to be conducted in a separate system. 

10 [0036] The hydrolysis reaction generally proceeds at pH 2 to 3. However, when certain kinds of organic silane com- 
pound represented by the general formula (I) is used, insoluble materials tend to be formed on addic pH. Therefore, the 
hydrolysis is preferably conducted at pH 10 to 11 in these cases. When an alkoxystlane compound is used as the silane 
conpound represented by the general Ibrmula (II). pH control Is required only before dropwise addition of the alKoxysl- 
lane compound. However, when a hatogenated silane compound or carboxysilane compound is used as the silane 

IS compound represented by the general formula (II) and the reaction is conducted on basic pH, it is necessary to keep 
pH between 10 and 1 1 by adding e.g. an aqueous sodium hydroxide solution or an aqueous potassium hydroxide solu- 
tion, since pH lowers during the reaction. Further, when an amino silane compound is used as the silane compound 
represented by the general formula (II) and the reaction is conducted on acidic pH, it is necessary to keep pH between 
2 and 3 by adding e.g. diluted hydrochloric acid or diluted sulfuric acid, since pH increases during the reaction. 

so [0037] The reaction temperature is preferably from 30 to 60''C. When the reaction temperature is too low, the reaction 

does not proceed easily and when the reaction temperature is too high an alkoxy group or a halogen group of a silane ( 
compound represented by the general formula (III) is hydrolyzed steeply. It is preferable to add a silane compound rep- 
resented by the general formula (II) dropwise over 30 minutes to 2 hours, and then, the mixture is stirred for 1 to 6 hours, 
though it varies depending on reaction amount. 

25 [0038] On completion of the hydrolysis reaction, a silane compound represented by the general formula (I) and a 
silane compound represerrted by the general formula (III) are dissociated since the reaction solution is acidic or basic. 
When the reaction solution is acidic, an aqueous alkali solution such as an aqueous sodium hydroxide solution or aque- 
ous potassium hydroxide solution is added, and when the reaction solution is basic, an acid aqueous solution such as 
dilute hydrochloric acid or dilute sulfuric acid is added, and the solution is stirred for neutralization. By this neutraliza- 

30 tion. polycondensation proceeds to give an organic silane copolymer. Stirring after the neutralization is preferably con- 
ducted for 2 to 10 hours. 

[0039] Then, one or more silane compounds represented by the general formula (V) is reacted with the organic silane 
copolymer obtained as described afcx^ve. 

[00<W] The one or more silane compounds represented by the general formula (V) is usually ot>tained by hydrolysis 
3$ of a silane compound represented by the following general formula (IV): 



R^aSiZ (IV) 

wherein, represent an organic group in which a carbon atom is directly connected to the silicon atom and the three 
40 groups may be same or different, and Z represents at least one group selected from a hydroxyl group, alkoxy group. ^. 
halogen group. caftx)xyl group and amino group. 

[0041] Examples of the silane compound represented by the general formula (IV) include dimethylvinylchlorosilane, 
n-butyldimethylchlorosilane, tert-butytdimethylchlorosilane, tert-butyidiphenylchlorosiiane, octadecyldimethylchlorosi- 
lane, methyldiphenylchlorosilane, tri-n-butyWimethylchlorosilane. triethylchlorosilane, trimethylchlorosilane. tri-n-pro- 
45 pylchbrosilane. triphenylchlorosilane, trimethylsilyliodide, dimethylethoxysiiane. dimethyh/inylethoxysilane, 
dimethylvinylmethoxysilane, trimethylethoxysilane. trimethylmethoxysilane and triphenylethoxysilane. 
[0042] In addition, silyl compounds having two silicon atoms such as hexamethyldsilazane and hexamethyldisiioxane 
can also be used since in these compounds, one hydroxyl group directly connected to a silicon atom Is generated by 
hydrolysis. 

so [0043] As the silane compound represented by the general formula (IV), commercially available silane compounds 
may also be used. Examples of the commercially available silane compounds include TSL8305. TSL8216. TSL8217. 
TSL8218, TSL8080. TSL8066, TSLB253. TSL8258. TSLBOSI. TSL8254. TSL8061. TSL8268, TSL8126. TSL83l£, 
TSL8317. TSL8121 . TSL811 1 . TSL8269. TSL8820. TSL8238(tradename, manufactured by Toshiba silicone, Co.. Ltd.) 
, and PRX 24, SZ6079 (trade name, manufactured by Toray-Dow Coming silicone. Co., Ltd.) . 

55 [0044] Since a silane compound of the formula (IV) has only one reactive group directly connected to a silicon atom, 
a silane compound of the formula (V) obtained by hydrolysis of the silane compound of the formula (IV) has only one 
hydroxyl group, which is reacted with a hydroxyl group existing in the organic silane copolymer to reduce the number of 
a hydroxyl group in the silane copolymer and to prevent further polycondensation of the sitane copolymer. Namely, by 
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reacting the silane conpound represented by the general formula (V) obtained by hydrolysis of the silane compound 
represented by the general formula (IV). a silane copolymer having excellent storage stability can be obtained. Further, 
the molecular weight of the silane copolymer can be controlled by allowing a silane compound represented by the gen- 
eral formula (V) to react during polycondensatton reaction by neutralization of an organic silane compound represented 
by the general formula (I) with a silane compound represented by the general formula (III). 

[0045] For example, by adding dropwise the silane compound represented by the general formula (V) to an aqueous 
solution of the organic silane copolymer, a hydroxyl group of the silane compound represented by the general formula 
(V) Is condensed with a hydroxyl group in the organic silane copolymer as shown in the following reaction formula. 

10 silane copolymer-OH + H0-SiR^3 silane copolymer-0-SiR^3 + H2O 

[0046] Among silane compounds represented by the general formula (IV). d silane compound In which Z represents 
a halogen atom shows excellent hydrolysis property, therefbre. even if this silane conpound represented by the general 
formula (IV) is directly added to an aqueous solution of an organic silane copolymer dropwise, the halogen atom is eas- 
ily hydrolyzed and the above-described reaction progresses. However, when a silane compound of the general formula 

(IV) in which Z represents an alkoxy group or a silane compound containing two silicon atoms such as hexamethyldis- 
iloxane is used, it is necessary that hydrolysis is previously conducted in an aqueous solution having pH 2 to 3 to give 
a silane compound represented by the general formula (V) and then this silane compound is added to an aqueous solu- 
tion of an organic silane copolymer dropwise. 

[0047] The reaction temperature of an organic silane copolymer with a silane compound represented by the general 
formula (V) is preferably from 30 to SC^C. It is preferable to add a silane compound represented by the general formula 

(V) dropwise over 30 minutes to 2 hours, and then, the mixture is stirred for 1 to 6 hours, though it varies depending on 
reaction amount. 

[0048] After completion of the stirring, the reaction solution is neutralized with an aqueous alkali solution such as an 
aqueous sodium hydroxide solution or an aqueous potassium hydroxide solution, and the reaction is completed by fur- 
ther stirring for 2 to 10 hours, to obtain a silane copolymer. 

[0049] The silane copolymer obtained by the above-described reaction is represented by the following rational for- 
mula: 

(p10RllRl2siO,/2)„(Rl3Rl4sjO)b(R^5siO3^)^(SiO2)d(R^®Oi/2)e 

wherein. R^^ to R'^^, which are same or different, represent an organic group in which a carbon atom is directly con- 
nected to a silicon atom, provided that at least one of R''^ to R^^ represents a -A-B group in the formula (I), the remain- 
ing groups represent R^ or R^ in the formula (I) or (III), respectively, for exanrple, a hydrogen atom, an alkyi group having 
35 1 to 18 carbon atoms or a phenyl group, R**^ represents a hydrogen atom or a lower alkyI group, and a is an integer of 
0 or more, b. c, d. e are an integer of 0 or more. b+C4d s2 , b+cs 1 and 1 sa-Ke€&i^2d+2 . Various properties of the 
silane copolymer can be obtained by changing the amount and kind of a silane compound in reaction. 
[0050] For example, 1 mol or more of methyldiethoxysilane is polycorrdensed, as the silane compound r^resented 
by the general formula (II). per one mol of the organic silane compound represented by the general formula (I) in reac- 
40 tion, the obtained copolymer has strong silicone-like properties, and the stronger silicone-like properties can be 
obtained when more methyldiethoxysilane is polycondensed. When a compound having a hydrophiiic group such as 3- 
(triemthoxy5ilyl)propylpolyoxyethylene ether is used as the silane compound represented by the general formula (II) 
and this compound having a hydrophiiic group is polycondens^ with an organic silane compound represented by the 
general formula (I), the resulting silane copolymer has increased hydrophilicity and when this composition is com- 
45 pounded in cosmetics, the moisture retaining property thereof is increased. Further, when dimethyloctadecyl-(3-tri- 
methaxysilytpropyl)ammonium chlorkie in which a quaternary ammonium salt is connected is used as the silane 
compound represented tyy the general formula (II) and this chloride is hydrolyzed and polycondensed with an organic 
silane compound represented by the general formula (I), properties of the higher alkyI quaternary ammonium salt such 
as remarkable increase in adsorbability onto hair are added in addition to excellent properties of the organic silane com- 
so pound represented by the general formula (I). 

[0051] After completion of the above-described polymerization reaction, pH of the reaction solution is controlled. 
Then, after purified by e.g. an ion exchange resin, dialysis membrane, electrical dialysis, gel filtration, ultrafiltration, if 
necessary, and as the resulting liquid or after processed into a powder, the reaction solution is used e.g. as a com- 
pounding agent into cosmetics or fiber treating agent. 
55 [0052] The silane copolymer of the present invention has excellent properties based on an organic silane compound 
having a hydrophiiic group represented by the general formula (I) and excellent properties added based on a silane 
compound represented by the general formula (111). For example, when a silylated peptide is used as the organic silane 
compound represented by the general formula (I), the silane copolymer of the present invention has excellent proper- 
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ties based on the silicone compound and excellent properties based on the polypeptide together. When this is com- 
pounded In hair cosr :.tics and skin cosmetics, luster and moisture feeling are imparted to hair, oombability is improved, 
branching of hair is -wanted, luster and moisture feeling are innparted to skin, and smoothness is inparted to sWn. 
Among other, when i composition is compounded in a washing agent such as shampoo, foam generated has soft 
5 feeling, hair and skir :.rter use thereof become smooth, and. based on functional groups added of the sitane compound 
represented by the general formula (Ml), for example. Improvement of moisture retaining property, improvement of 
adsorbability onto hair, improvement of water repelling property, ultraviolet ray absoit)ing ability, antimicrobial and ster- 
ilizing property, film forming property and thickening property are imparted. 

[0053] Further, when a silane compound represented by the general formula (V) obtained by hydrolysis of a silane 
10 compound represented by the general formula (IV) is added to a hydroxyl group of the organic silane copolymer, i.e. in 
case of silane copolymer (U), the possibility of further polycondensation of the copolymer during storage is lowered due 
to lowered amount of a free hydroxyl group, consequently, this silane copolymer (U) has excellent storage stability. 
[0054] The following examples further illustrate the present invention, but do not limit the scope thereof. Befbre the 
examples, conditions of gel filtration analysis and measuring conditions of infrared ray absorption spectrum used in the 
75 examples will be described. In the following examples. % showing concentration of solutions and dispersions is % by 
weight. 

[Gel filtration analysis] 

20 [0055] Gel filtration analysis was conducted under the following conditions. Analysis results of each examples are 

shown in Figs 1 to 1 1 . respectively In these figures, results of the obtained copolymerized compositions are shown by ( 

solid lines, and results of raw material silylated peptides are shown by broken lines. 

[0056] Analysis Column: TSKgel G3000PW (7.5 mm ID x 30 cm) nnanufactured by Tosoh Corp 

ZB Eluent: 0.1% trifluoroacetic acid -i- 45% acetonitrile 

Elution speed: 0.3 ml/min 

Detector: UV detector. 220 nm 

Standard sample: Bovine serum albumin (MW 66.000) 

Cart>onic anhydrase (MW 29,000) 
30 Cytochrome C (MW 1 2,400) 

Aprotinin (MW 6,500) 

Insulin (MW 5.700) 

a-MSH (melanocyte stimulating hornx)ne) (MW 1 .665) 
Bradykinin(MW 1.060) 

35 

[Infrared ray absorption spectrum analysis] 

[0057] In infrared ray absorption spectrum analysis. FT-IR 8200 PC manufactured by Shimadzu Corp. (hereinafter, 
refen-ed to as FT-IR) was used. When a sample is liquid, a cell for liquid was used, and when a sample is made into a 
40 powder by e.g. freeze-drying, the measurement was conducted by the KBr tablet method. ^ 

v.. 

Example 1 

[0058] 100 g of a 30% aqueous solution of a silylated hydrolyzed collagen represented by the general fomriula (VIQ. 

45 wherein. = CH3, R^ and = OH, connecfing moiety A is - (CH2)30CH2CH(OH)CH2-. average of q = 1 .1 . average 
of r = 14.9. and average of q+r = 16 (number average molecular weight 1750. 0.017 mol). was charged into a 500 ml 
beaker, and pH thereof was controlled to 3 with dilute hydrochloric acid. 15.3 g of dImethyWiethoxysilane (0.086 mol, 5 
equivalent per silylated hydrolyzed collagen) was added dropwise to the solution with stirring on a hot water bath at 
40*C over 1 hour. After completion of the addition, the stirring was continued for 5 hours at 40**C. Then. pH thereof was 

so controlled to 7 with an aqueous sodium hydroxide solution, and the solution was stirred for 4 hours at 40*0 to conduct 
polycondensation. 

[0059] After completion of the stinring, impurities were removed from the reaction solution by filtration, and the con- 
centi^tion was controlled to obtain 129 g of a 30% aqueous solution of a silane copolymer of a silylated hydrolyzed col- 
lagen and a silane conrpound. 

55 [0060] The results of gel filtration analysis of the resulting silane copolymer and the raw material , silylated hydrolyzed 
collagen, are shown in Fig. 1 . As apparent from Fig. 1 . in the resulting silane copolymer, a peak corresponding to a gel 
filtration molecular weight of about 3600 of tiie raw material, silylated hydrolyzed collagen, nearly disappeared, and a 
targe peak was recognized corresponding to a gel filtration molecular weight of about 13000. Namely, copolymerization 
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of the siiylated hydrolyzed collagen with the silane compound was recognized. 

[0051] Parts of the resulting copolymer and the raw material, siiylated hydrolyzed collagen, were respectively ana- 
lyzed by FT-IR and the results were compared. A peak near 1250 cm*\ which is believed to be derived from Si-CHs 
became stronger, and a peak near 1 100 cm"\ which is believed to be derived from SI-0 was detected. Namely it was 
5 recognized that the resulting silane copolymer has a Si-O-Si linkage. 

Example 2 

[0082] 1 00 g of a 30% aqueous solution of a siiylated hydrolyzed collagen represented by the general formula (VII), 

70 wherein. = CH3, and = OH. connecting moiety A is • (CH2)30CH2CH(OH)CH2-, average of q = 1 .1 . average 
of r = 14.9. and average of q+r » 16 (nunnber average molecular weight 1750. 0.017 mol), was charged into a 500 ml 
beaker, and pH thereof was controlled to 3 with dilute hydrochloric acid. 15.3 g of dimethyldiethoxysilane (0.086 mol. 5 
equivalent per siiylated hydrolyzed collagen) was added dropwise to the solution with stirring on a hot water bath at 
40°C over 1 hour. After completion of the addition, the stirring was continued for 5 hours at 40**C. Then. pH thereof was 

15 controlled to 7 with an aqueous sodium hydroxide solution, and the solution was stirred for 4 hours at 40'C to conduct 
polycondensation. To this solution was added dropwise 3.7 g (0.034 mol) of trimethylchlorosilane over 30 minutes and 
the mixture was stirred. During this operation. pH of the solution was maintained from 7 to 8 by adding a 20% aqueous 
sodium hydroxide solution dropwise simultaneously After completion of the addition, the mixture was further stirred for 
3 hours to complete the reaction. After completion of the reaction, impurities were removed from the reaction solution 

20 by filtration, and the concentration was controlled to obtain 135 g of a 30% aqueous solution of a silane copolymer of a 
( siiylated hydrolyzed collagen and a silane compound. 

[00S3] The results of gel filtration analysis of the resulting silane copolymer and the rain material, siiylated hydrolyzed 
collagen, are shown in Fig. 2. As apparent from Fig. 2, in the resulting silane copolymer, a peak corresponding to a gel 
filtration molecular weight of about 3600 of the raw material, siiylated hydrolyzed collagen, nearly disappeared, and a 

25 large peak was recognized corresponding to a gel filtration molecular weight of about 1 2000. Namely, copolymerization 
of the siiylated hydrolyzed collagen with the silane compound was recognized. 

[00S4] Parts of the resulting copolymer and the raw material, siiylated hydrolyzed collagen, were respectively ana- 
lyzed by FT-IR and the results were compared. A peak near 1250 cm"'' . which is believed to be derived from Si-CHa 
became stronger, and a peak near 11 00 cm~\ which is believed to be derived from SiO was detected. Namely it was 
30 recognized that the resulting silane copolymer has a Si-0>8i linkage. 

Example 3 

[00S5] Same procedure as in Example 1 was repeated except that 100 g of a 25% aqueous solution of a siiylated 
35 hydrolyzed keratin represented by the general formula (VII). wherein. R^ = CH3, R^ and R^ = OH, connecting moiety A 
is -(CH2)3-, average of q = 1 . average of r = 6, and average of q+r = 7 (number average molecular weight 800. 0.03 
mol). were used instead of the aqueous solution of a siiylated hydrolyzed collagen and the amount of dimethytdtethox- 
ysilane was changed to 8g (0.06 mol. 2 equivalent per siiylated hydrolyzed keratin) to obtain 88 g of a 20% aqueous 
solution of a silane copolymer of a siiylated hydrolyzed keratin and a silane compound. 
40 [0086] The results of gel filtration analysis of the resulting silane copolymer and tiie raw material, siiylated hydrolyzed 
^ keratin, are shown In Fig. 3. As apparent from Rg. 3. in tine resulting silane copolymer, a peak corresponding to a gel 

filtration molecular weight of about 880 of the raw material, siiylated hydrolyzed keratin, became weaker, and a peak 
was recognized corresponding to a gel filtration molecular weight of about 2500. Namely, copolymerization of the 
siiylated hydrolyzed keratin with the silane compound was recognized. 
45 [OOST] Parts of ttie resulting copolymer and the raw material, silylat«J hydrolyzed keratin, were respectively analyzed 
by FTIR and the results were compared. A peak near 1250 cm'^ became stronger, and a peak near 1100 cm~^ was 
detected. Namely, it was recognized tiiat the resulting silane copolymer has a Si-O-Si linkage. 

Example 4 

so 

[00S8] Same procedure as in Example 2 was repeated except that 100 g of a 25% aqueous solution of a siiylated 
hydrolyzed keratin represented by ttie general formula (VII). wherein. R^ = CH3, R® and R^ OH. connecting moiety A 
is -(CH2)3-, average of q o 1, average of r = 6, and average of q+r = 7 (number average molecular weight 800. 0.03 
mol), were used instead of the aqueous solution of a siiylated hydrolyzed collagen and tiie amount of dimetiiyldiettiox- 
' 55 ysilane and trimethylchlorosilane were changal to 8g (0.06 mol. 2 equivalent per siiylated hydrolyzed keratin) and 
6.5g(0.06 mol), respectively to obtain 90 g of a 20% aqueous solution of a silane copolymer of a siiylated hydrolyzed 
keratin and a silane compound. 

[0089] The results of gel filtration analysis of the resulting silane copolymer and the raw material, siiylated hydrolyzed 
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keratin, are shown in Fig. 4. As apparent from Fig. 4, in the resulting silane copolymer, a peak con-espondlng to a gel 
filtration molecular weight of about 880 of the raw material, silylated hydrolyzed keratin, became weaker, and a peak 
was recognized conesponding to a gel filtration molecular weight ot about 1800. Namely, copolymerization of the 
silylated hydrolyzed keratin with the silane compound was recognized. 
5 [0070] Parts of the resulting copolymer and the raw material, sflylated hydrolyzed keratin, were respectively analyzed 
by FT-IR and the results were compared. A peak near 1250 cm"^ became stronger, and a peak near 1 100 cm"^ was 
detected. Namely, it was recognized that the resulting silane copolymer has a Si-O-Si linkage 

Example 5 

10 

[00711 1 00 g Of a 30% aqueous solution of a silylated hydrolyzed wheat protein represented by the general formula 
(VII). wherein. = CH3, and R^ = OH. connecting moiety A is -(CH2)30CH2CH(OH)CH2-. averageoff q = 1. average 
of r s= 7. and average of q+r = 8 (number average molecular weight 970, 0.03 mol). was charged into a 300 ml beaker, 
and pH thereol was controlled to 10.5 with an aqueous sodium hydroxide solution. 7.2 g of methyltriethoxysllane (0.04 

15 mol. 1 ,3 equivalent per silylated hydrolyzed wheat protein) was added dropwise to the solution with stirring at 55*0 over 
1 .5 hour. Afler completion of the addition, the stimng was continued for 4.5 hours. Then. pH thereof was controlled to 
6.5 with dilute hydrochloric acid, and the solution was stinted for 5 hours at 55*C to conduct polycondensation. 
[0072] After completion of the stirring, impurities were removed from the reaction solution by filtratfon, and the con- 
centration was controlled to obtain 97 g of a 30% aqueous solution of a silane copolymer of a silylated hydrolyzed wheat 

20 protein and a silane compound. 

[0073] The results of gel filtration analysis of the resulting silane copolymer and the raw material, silylated hydrolyzed 
wheat protein, are shown in Fig. 6. As apparent from Fig. 5, in the resulting silane copolymer, a peak corresponding to 
a gel filtration molecular weight of about 1000 of the raw material, silylated hydrolyzed wheat protein, became weater, 
and a large peak was recognized con-esponding to a gel filtration molecular weight of about 15000. Namely, formation 

25 of the copolymer was recognized. 

[0074] Parts of the resulting copolymer and the raw material, silylated hydrolyzed wheat protein, were respectively 
analyzed by FT-IR and the results were compared. A peak near 1250 cm*^ became stronger, and a peak near 1 100 cm" 
^ was detected. Namely, it was recognized tiiat the resulting silane copolymer has a Si-O-Si linkage. 

30 Example 6 

[0075] 1 00 g of a 25% aqueous solution of a silylated hydrolyzed soybean protein represented by the general formula 
(VII). wherein. R^, R^ and R^ are OH. connecting moiety A is - (CH2)30CH2CH(OH)CH2-. average of q = 0.5, average 
of r = 5.5, and average of q+r = 6 (number average molecular weight 746, 0.034 mol), was charged Into a 5(X) ml 

35 beaker, and pH thereof was controlled to 1 0.5 witii an aqueous sodium hydroxide solution. 1 0 g of metiiyltrichlorosiiane 
(0.068 mol, 2 equivalent per silylated hydrolyzed screen protein) was added dropwise to tiie solution with stirring at 
55**C over 1.5 hour. During this operation, pH of the solution was maintained from 10 to 11 by adding an aqueous 
sodium hydroxide solution dropwise simultaneously. Afler completion of the addition, the stin-ing was continued for 5 
hours, "men, pH thereof was controlled to 6.5 with dilute hydrochloric acid, and the solution was stirred for 5 hours at 

40 5&*C to conduct polycondensation. 

[0076] After completion of the stirring, the reaction solution was de-salted and purified by electrical dialysis, and ttie 
concentration was controlled to obtain 102 g of a 20% aqueous solution of a silane copolymer of a silylated hydrolyzed 
soybean protein and a silane compound. 

[0077] The results of gel filtration analysis of the resulting silane copolymer and the raw material, silylated hydrolyrveri 
45 soybean protein, are shown in Fig. 6. As apparent from Fig. 6. in the resulting silane copolymer, a peak correspona;i :g 
to a gel filtration molecular weight of about 900 of tiie raw material, silylated hydrolyzed soybean protein, became 
weaker, and a large peak was recognized corresponding to a gel filtration molecular weight of about 3000. Namely, for- 
mation of the copolymer was recognized. 

[0078] Parts of tiie resulting copolymer and ttie raw material, silylated hydrolyzed soybean protein, were respectively 
50 analyzed by FTIR and the results were compared. A peak near 1250 cm '' became stronger, and a peak near 1 100 cm" 
was detected. Namely, it was recognized that the resulting silane copolymer has a Si-O-Si linkage. 

Example 7 

ss [0079] 1 00 g of a 25% aqueous solution of a silylated hydrolyzed soybean protein represented by the general formula 
(VII), wherein. R^. R^ and R^ are OH. connecting moiety A is - (CH2)30CH2CH(OH)CH2-. average of q ^ 0.5, average 
of r = 5.5. and average of q+r = 6 (number average molecular weight 746. 0.034 mol). was charged into a 500 ml 
beaker, and pH thereof was controlled to 10.5 witii an aqueous sodium hydroxide solution. 10 g of metiiyhrichlorosilane 
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(0.068 mol, 2 equivalent per silytated hydrolyzed soybean protein) was added dropwise to the solution with stin-ing at 
55'C over 1.5 hour. During this operation. pH of the solution was maintained from 10 to 11 by adding an aqueous 
sodium hydroxide solution dropwise simuttaneously. After completion of the addition, the stirring was continued for 5 
hours. Then. pH thereof was controlled to 6.5 with dilute hydrochloric acid, and the solution was stirred for 5 hours at 

5 55*0 to conduct polycondensation. 

[0060] To this solution was added dropwise 1 4.7 g (0.1 3 mol) of trimethylchlorosilane over 1 hour and the mixture was 
stirred. During this operation. pH of the solution was maintained from 7 to 8 by adding a 20% aqueous sodium hydroxide 
solution dropwise simultaneously After completion of the addition, the mixture was further stirred for 3 hours to com- 
plete the reaction. After completion of the reaction, the reaction solution was de-salted and purified by electrical dialysis, 

10 and the concentration was controlled to obtain 102 g of a 20% aqueous solution of a silane copolymer of a sllylated 
hydrolyzed soyk>ean protein and a silane compound. 

[0081 ] The results of gel filtration analysis of the resulting silane copolymer and the raw material, silylated hydrolyzed 
soybean protein, are shown In Fig. 7. As apparent from Fig. 7, in the resulting silane copolymer, a peak corresponding 
to a gel filtration molecular weight of atx)ut 900 of the raw material, sllylated hydrolyzed soybean protein, became 
IS weaker and a large peak was recognized corresponding to a gel filtration molecular weight of afc>out 2500. Namely, for- 
mation of the copolymer was recognized. 

[0082] Parts of the resulting copolymer and the raw material, sllylated hydrolyzed soybean protein, were respectively 
analyzed by FT-IR and the results were compared. A peak near 1250 cm""" became stronger, and a peak near 1 100 cm" 
^ was detected. Namely, it was recognized that the resulting silane copolymer has a Si-O-Si linkage. 

20 

( Example 8 

[0083] 100 g of a 20% aqueous solution of a sllylated hydrolyzed yeast protein represented by the general formula 
(Vll). wherein. R^. and are OH. connecting moiety A is - (CH2)30CH2CH(OH)CH2-. average of q = 1 , average of 

26 r = 4, and average of q+r=5 (number average molecular weight 600. 0.033 mol). was charged into a 500 ml beaker, 
and pH thereof >ms controlled to 10.5 with an aqueous sodium hydroxide solution, a mixture of 8.8 g of methyttriethox- 
ysilane (0.066 mol. 2 equivalent per silylated hydrolyzed yeast protein) and 2 g of 3-(trimethoxysilyl)propylpolyoxyethyl- 
ene(10)ether (0.003 mol. 0.1 equivalent per silylated hydrolyzed yeast protein) was added dropwise to the solution with 
stining at 50°C over 1 .5 hour. After completion of the addition, the stirring was continued at 50 *C for 5 hours. Then. pH 

30 thereof was controlled to 6.5 with dilute hydrochloric acid, and the solution was stirred for 6 hours at SO^'C to conduct 
polycondensation. 

[0084] After completion of the stirring, impurities were removed from the reaction solution by filtration, and the con- 
centration was controlled to obtain 102g of a 20% aqueous solution of a silane copolymer of a silylated hydrolyzed yeast 
protein and a silane compound. 

3S [0085] The resuHs of gel filtration analysis of the resulting silane copolymer and the raw material, silylated hydrolyzed 
yeast protein, are shown in Fig. 8. As apparent from Fig. 8. in the resulting silane copolymer, a peak corresponding to 
a gel filtration molecular weight of about 800 of the raw material, silylated hydrolyzed yeast protein, became weaker, 
and a large peak was recognized corresponding to a gel filtration molecular weight of atx)ut 3000. Namely, copolymer- 
izatlon of the silylated hydrolyzed yeast protein with the silane compound was recognized. 

40 [0086] Parts of the resulting copolymer and the raw material, silylated hydrolyzed yeast protein, were respectively 
^ analyzed by FT-IR and the results were compared. A peak near 1 250 cm"^ became stronger, and a peak near 1 1 00 cm* 

^ was detected. Namely, it was recognized that the resulting silane copolymer has a Si-O-SI linkage. 

Example 9 

46 

[0087] 100 g of a 20% aqueous solution of a silylated hydrolyzed yeast protein represented by the general formula 
(Vll). wherein, R^. R^ and R^ are OH. connecting moiety A is - (CH2)30CH2CH(OH)CH2-, average of q = 1 . average of 
r = 4, and average of q4-r » 5 (number average molecular weight 600, 0.033 mol). was charged into a 500 ml kdeaker, 
and pH thereof was controlled to 10.5 with an aqueous sodium hydroxide solution, a mixture of 8.8 g of methyltriethox- 
50 ysllane (0.066 mol, 2 equivalent per silylated hydrolyzed yeast protein) and 2 g of 3-(trimethoxysilyl)propylpolyQxyelhyl- 
ene(10)ether (0.003 mol. 0.1 equivalent per silylated hydrolyzed yeast protein) was added dropwise to the solution with 
slimng at 50*»C over 1.5 hour. After completion of the addition, the stining was continued at 50 **C for 5 hours Then, pH 
thereof was controlled to 6.5 with dilute hydrochloric acid, and the solution was stin-ed for 6 hours at 50**C to conduct 
polycondensation. 

55 [0088] To this solution was added dropwise 15.1 g(0.14mol) of trimethylchlorosilane over 1 hour and the mixture was 
stined. During this operation. pH of the solution was maintained from 7 to 8 by adding a 20% aqueous sodium hydroxide 
solution dropwise simultaneously After completbn of the addition, the mixture was further stirred for 3 hours to com- 
plete the reaction. 
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[0Q6d] After completion of the reaction, impurities were removed from the reaction solution by filtration, and the con- 
centration was controlled to obtain 110 g of a 20% aqueous solution of a silane copolymer of a sllylated hydrolyzed 
yeast protein and a silane compound. 

[0090] The results of gel filtration analysis of the resulting silane copolymer and the raw material, silytated hydrolyzed 
s yeast protein, are shown in Fig. 9. As apparent from Fig. 9. in the resulting silane copolymer, a peak corresponding to 
a gel filtration molecular weight of about 800 of the raw material, silylated hydrolyzed yeast protein, became weaker, 
and a large peak was recognized corresponding to a gel filtration molecular weight of about 2700. Namely, oopolymer- 
ization of the silylated hydrolyzed yeast protein with the silane compound was recognized. 

[0(^1] Parts of the resulting copolymer and the raw material, silylated hydrolyzed yeast protein, were respectively 
10 analyzed by FT-IR and the results were compared. A peak near 1250 cm'^ became stronger, and a peak near 1 100 cm^ 
1 was detected. Namely, it was recognized that the resulting silane copolymer has a SiO-Si linkage. 

Example 10 

15 [0092] 1 50 g of a 20% aqueous solution of a silylated hydrolyzed silk protein represented by the general formula (VI I] . 
wherein. as CH3, and = OH. connecting moiety A is -(CH2)3-. average of q= 0.06. average of r = 9.94. and aver- 
age of q-t-re 10 (number average molecular weight 1250. 0.024 mol), was charged into a 500 ml beaker, and pH 
thereof was controlled to 3 with dilute hydrochloric add. A mixture of 6.4 g of dimethyldtethoxysllane (0.048 mol. 2 
equivalent per silylated hydrolyzed silk protein) and 1 .9 g of 50% ethanol solution of dimethyloctadecyl-[(3-trimethoxys- 

20 ilyl)-propyl]dmmonium chloride (0.002 mol. 0.08 equivalent per silylated hydrolyzed silk protein) was added to the solu- 

tion with stirring on a hot water bath at 50^C over 1 .5 hours. After completion of the addition, the stirring was continued ( 
for 5 hours at 50^C. Then. pH thereof was controlled to 7 with an aqueous sodium hydroxide solution, and the solution 
was stirred for 6 hours at 50^C to conduct polycondensation. 

[0093] After completion of the stirring, the concentration was controlled with 20% aqueous ethanol solution to obtain 
2$ 1 93 g of a 10% aqueous solution of a silane copolymer of a silylated hydrolyzed silk protein and a silane compound. 
[0094] The results of gel filtration analysts of the resulting silane copolymer and the raw material, silylated hydrolyzed 
silk protein, are shown in Fig. 10. As apparent from Fig. 10. in the resulting silane copolymer, a peak corresponding to 
a gel filtration molecular weight of about 1600 of the raw material, silylated hydrolyzed silk protein, nearly disappeared, 
and a large peak was recognized corresponding to a gel filtration molecular weight of about 15000. Namely, copdym- 
30 erization of tiie silylated hydrolyzed silk protein with the silane compound was recognized. 

[0095] Parts of the resulting copolymer and the raw material, silylated hydrolyzed silk protein, were respectively ana- 
lyze by FTIR and tiie results were conpared. A peak near 1250 cm~^ became stronger, and a peak near 1 100 cm '' 
was detected. Namely, it was recognized that the resulting silane copolymer has a Si-O-Si linkage. 

35 Example 11 

[0096] 1 00 g of a 30% aqueous solution of a silylated hydrolyzed silk protein represented by the general formula (Vll). 
wherein. R^ = CH3. and R^ = OH. connecting moiety A is -(CH2)3-, average of q 0.06, average of r = 9.94. and 
average of q+r = 10 (number average molecular weight 1250. 0.024 mol), was charged into a 500 ml beaker, and pH 

40 thereof was controlled to 3 with dilute hydrochloric acid. A mixture of 6.4 g of dimethykiiethoxysilane (0.048 mol. 2 

equivalent per silylated hydrolyzed silk protein) and 1 .9 g of 50% ethanol solution of dlmethyloctadecyl-[(3<trimethGQcys- ( 
ilyi)-propyQammonium chloride (0.002 mol. 0.08 equivalent per silytated hydrolyzed silk protein) was added to the solu- 
tion with stirring on a hot water bath at 50**C over 1 .5 hours. After completion of the addition, the stirring was continued 
for 5 hours at 50°C. Then. pH thereof was controlled to 7 with an aqueous sodium hydroxide solution, and the solution 

45 was stirr^ for 6 hours at ^**C to conduct polycondensation. 

[WBT] To tills solution was added dropwtse 1 1 g (0.1 mol) of trimethylchiorosilane ov^ 30 minutes and the mixture 
was stirred. During this operation, pH of the solution was maintained from 7 to 8 by adding a 20% aqueous sodium 
hydroxide solution dropwise simultaneously. After completion of the addition, the mixture was further stinred for 3 hours 
to connplete the reaction. 

so fOCQSl After completion of the reaction, impurities were removed from the reaction solution by filtration, and the con- 
centration was conti-oll^ to obtain 1 1 5 g of a 30% aqueous solution of a silane copolymer of a silylated hydrolyzed silk 
protein and a silane compound. 

[0^9] The results of gel filtration analysis of the resulting silane copolymer and the raw material, silylated hydrolyzed 
silk protein, are shown in Fig. 1 1 . As apparent from Fig. 1 1 , in the resulting silane copolymer, a peak corresponding to 
55 a gel filtration molecular weight of about 1600 of the raw material, silylated hydrolyzed silk protein, nearly disappeared, 
and a large peak was recognized corresponding to a gel filtration molecular weight of about 16000. Namely, copolym- 
erization of tiie silytated hydrolyzed silk protein with the silane compound was recognized. 

[0100] Parts of tiie resulting copolymer and the raw material, silylated hydrolyzed silk protein, were respectively ana- 
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lyzed by FT-IR and the results were compared, A peak near 1250 cm \ which is believed to be derived from Si-CHa 
became stronger, and a peak near 1 100 cm \ which is believed to be derived from Si-O was detected. Namely, it was 
recognized that the resulting silane copolymer has a Si-O-Si linkage. 

5 Example 12 

Measurement of smoothness of hair surlace treated with silane copolymer obtained in Examples 

[0101] Hair was treated with the silylated peptide-siiane copolymer obtained in the above-described examples 1 to 
10 11. and the smoothness of the hair surface was measured according to the following method. 

[0102] 10% aqueous solutions were prepared using the above-described silane copolymer obtained in Exanr^les 1 
to 1 1 and raw material, silylated peptides. 1 g of hair having a length of 10 cm was Immersed In the solution for 10 min- 
utes, and the hair was dried by a hair drier. As comparisons, hair was treated with 10% aqueous solutions of the raw 
material, that is. silylated hydrolyzed collagen, silylated hydrolyzed keratin, silylated hydrolyzed soybean protein. 
IS silylated hydrolyzed yeast protein, and silylated hydrolyzed silk used in Examples 1 to 1 1 , and smoothness thereof was 
tested. 

[0103] The smoothness of the hair surface was measured using an friction sensitive tester. KES-SE manufactured by 
Kato Tech Co., Lid. In this apparatus, the smoothness (roughness) is represented by the average deviation of friction 
factor which is felt by a friction sensor moving on the surface of a sample in certain distance, the unit is dimensionless, 
20 and lower value indicates higher smoothness. 
( [0104] The average deviation of friction factor when a friction sensor moved 2 cm on the surface of each sample is 

shown in Table 3. The measured value is an average value of 10 measured values for each sample. 



Tables 





Average deviation of friction factor 




Resulting silane copoly- 
mer 


Raw material, silylated 
peptide 


Example 1 


. 0.2712 


0.2996 


Example 2 


0.2705 


0.2996 


Example 3 


0.2814 


0.3049 


Example 4 


0.2822 


0.3049 


Example 5 


0.2653 


0,2948 


Example 6 


0.2850 


0.3056 


Example 7 


0.2845 


0.3056 


Example 8 


0.2907 


0.3114 


Example 9 


0.2898 


0.3114 


Example 10 


0.2636 


0.2922 


Example 1 1 


0.2633 


0.2922 


Untreated hair 


0.3243 



[0105] As is shown in Table 3, the average deviation of friction factor of the hair surface treated by the silane copoly- 
so mer obtained in Examples 1 to 1 1 is lower than the average deviation of friction factor of the untreated hair by 1 0 to 1 8% 
in each case, and when compared with the average deviation of friction factor of hair treated with the raw material used 
In the exanples. silylated peptide. It is lower by 7 to 10%. respectively, and it is apparent that smoothness is imparted 
to the hair surface. 

55 
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Test of adsorbablltty onto hair of copolymerized composrtion 



5 [0106] Adsoibability onto hair of the above-described silylated peptide-silane copolymer obtained in Examples 1 to 
1 1 was tested according to the column circulation method in "Damage degree evaluation method of hair (1)" described 
in Journal of SCCJ Vol. 21 . No. 2. 
[0107] Namely, 

1 .8 g of hair cut into an average length of 2 mm was filled in a liquid chromatography column having a diameter 
10 of 7.5 mm and a length of 75 mm. and a sample solution having a controlled concentration of the silylated peptide-silane 
copolymer obtained in Examples 1 to 1 1 of 2% was allowed to circulate through this column ior a certain time at a flow 
rate of 2 ml/min. 

[0108] The concentration of the sample in the sample solution after the circulation was determined by gel filtration 
analysis of the sample solution, and the amount of sample adsorption per 1 g of hair was calculated based on the 
15 change of the sample concentration in the sample solution before and after the circulation. The reduced amount of the 
sample concentration by permeation into hair was corrected by using a 2% aqueous solution of a polyoxyethylene gly- 
col having an average molecular weight of 1 000 as control and allowing this sample solution to circulate under the same 
conditions as described above, and regarding the reduced amount of the concentration of the polyoxyethylene glycol 
as due to permeation into hair. 

20 [0109] For comparison, adsort>abillty onto hair was also tested using 2% aqueous solutions of the raw material, 

silylated peptides, used in the examples. Adsorbability onto hair of the silane copolymer obtained in Examples 1 to 11 ( 
when the drcutation time was 15 minutes. 30 minutes, 45 minutes, 60 minutes and 90 minutes are shDwn in Table 4 in 
index when the adsorption amount of the raw material onto hair was 100 (part lower than decimal point is rounded off). 



^ Table 4 





Adsorbability onto hair (index) 




Circulation time (minute) 




15 


30 


45 


60 


90 


Silane copolymer obtained in Example 1 


126 


120 


132 


127 


121 


Silane copolymer obtained in Example 2 


106 


118 


120 


119 


118 


Silane copolymer obtained in Example 3 


115 


121 


126 


126 


122 


Silane copolymer obtained in Example 4 


118 


121 


122 


122 


124 


Silane copolymer obtained in Example 5 


122 • 


131 


133 


131 


124 


Silane copolymer obtained in Exiample 6 


122 


120 


118 


117 


120 


Silane copolymer obtained in Example 7 


108 


116 


120 


121 


120 


Silane copolymer Obtained in Example 8 


106 


107 


115 


117 


116 


Silane copolymer obtained In Example 9 


104 


105 


112 


116 


119 


Silane copolymer obtained in Example 10 


192 


193 


198 


212 


208 


Silane copolymer obtained in Example 1 1 


165 


177 


186 


194 


196 



[0110] As apparent from the results shown in Table 4. the silylated peptide-silane copolymers obtained in Exanples 
so 1 to 1 1 had an index showing adsortiability onto hair of over 100, and posesses higher adsortjability than that of each 
raw material, silylated polypeptide. Particularly, the adsorbability onto hair of the silylated hydrolyzed silk-sitane copol- 
ymer in Examples 10 and 1 1 was higher than the raw material. 

Example 14 

55 

Moisture absorption property test of copolymer 

[0111] The moisture absorption property of the silylated peptide-silane copolymers obtained in Examples 2, 4. 7-9 
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and 1 1 was tested. 

[01 1 2] Dry pulverized wool was place on a petri dish, the pulverized wool was impregnated with a sample so that the 
amount of the copolymer components became 0.3 g. and dried in a constant temperature drying vessel until the weight 
became oonstant. Then the petri dish was placed in a thermostat chamber having a relative humidity of 79.2%, the 
weight was measured every 24 hours, and the moisture absorption amount (9) per 1 g of wool was obtained. 
[0113] As comparison, the moisture absorption amount (g) per 1 g of wool was tested also regarding the silylated 
peptides used as raw materials in the examples In the same manner as described above. The moisture absorption 
amount per 1 g of wool in each example 1 day (24 hours). 2 days (48 hours). 3 days (72 hours) and 4 days (96 hours) 
after the storage Is shown in Table 5 in index when the adsorption amount regarding each raw material Is 100 (part 
lower than decimal point is rounded off). 



Table 5 





Moisture absorption property 




Storage period (day) 




1 


2 


3 


4 


Silane copolymer obtained in Example 2 


106 


108 


109 


110 


Siiane copolymer obtained in Example 4 


107 


109 


109 


109 


Silane copolymer obtained in Example 7 


110 


114 


114 


117 


Silane copolymer obtained in Example 8 


121 


121 


118 


117 


Silane copolymer obtained in Example 9 


121 


120 


120 


122 


Silane copolymer obtained in Exanrple 1 1 


104 


103 


105 


106 



[0114] As apparent from the results shown in Table 5. the silylated peplide-silane copolymers obtained in Examples 
2. 4. 7-9 and 11 had an index of nrraisture absorption property indicating moisture retention ability of over 100. and 
r»/ealed increased moisture retention ability as compared with that of each raw material, silylated peptide. Particularly, 
the moisture retention ability of the silylated hydrolyzed yeast protein-silane copolymer in Example 9 was higher than 
that of the raw material silylated hydrolyzed yeast protein. 

Claims 

1. A silane copolymer which is obtainable by polycondenstng one or more organic silane compounds (I) having a 
hydrophilic group represented by the following general formula (I): 

RV-ni)Si(OH)„A-B (I) 

wherein m represents 2 or 3. R** represents an alkoxy group, a hydrogen atom or an alkyi group having 1 to 3 car- 
bon atoms. A is a connecting moiety and represents at least one group selected from a methylene group, propylene 
group. -(CH2)30CH2CH(OH)CH2-. -(CH2)3S-, -(CH2)3NH- and -(CH2)30COCH2CH2-. and B represents a 
hydrophilic organic group with one or more silane compounds (III) represented by the following general formula (III): 

R2nSi(OH)pY(4.p.n) ("') 

wherein n represents an integer from 0 to 2, p represents an integer from 2 to 4. n+ps4 , represents an organic 
group in which a carbon atom is directly connected to the silicon atom and when n is 2, the two groups may be 
the same or different, and Y represent at least one group selected from an alkoxy group, hydrogen atom and siloxy 
group and when 4-p-n is 2, the Y groups may be the same or different. 

2. The silane copolymer according to claim 1 which is obtainable by further reading the polycondensate of com- 
pounds (t) and (111) with one or more ^lane compounds represented by the fotbwing general fbmiula (V): 

R^gSiCOH) (V) 
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wherein represent an organic group in which a carbon atom is directly connected to the silicon atom and the 
three groups may be same or different. 

3. The silane copolymer according to claim 1 , wherein one or more silane compounds represented by the general for- 
mula (III) is obtained by hydrolyzing a silane compound represented by the following general formula (II): 



R^SiVn) 



(H) 



wherein n represents an integer from 0 to 2, represents an organic group in which a carbon atom is directly con- 
nected to the silicon atom and when n is 2. the two groups may be the same or different, and X represent at 
least one group selected from a hydroxy! group, altoxy group, halogen group, carboxyl group and amino group and 
the two or more X groups may be the same or different. 

The silane copolymer according to claim 2. wherein one or more silane compounds represented by the general for- 
mula (III) is obtained by hydrolyzing a silane compound represented by the following general formula (II): 



R^nSiX(4.n) 



(II) 



wherein n represents an integer from 0 to 2. R^ represents an organic group in which a carbon atom is directly con- 
nected to the silicon atom and when n is 2, the two R^ groups may be the same or different, and X represent at 
least one group selected from a hydroxyl group, alkoxy group, halogen group, carboxyl group and amino group and 
the two or more X groups may be the same or different: and one or more silane compounds represented by the 
general formula (V) ts obtained by hydrolysis of a silane compound represented by the following general formula 
(IV): 

R^gSiZ (IV) 

wherein. R^ represent an organic group in which a carbon atom is directly connected to the silicon atom and the 
three R^ groups may be same or different, and Z represents at least one group selected from a hydroxyl group, 
alkoxy group, halogen group, cartjoxyl group and amino group. 

5. The silane copolymer according to daim 1 or 2, wherein B in the general formula (0 represents a peptide. 

6. The silane copolymer according to daim 5. wherein the peptide has a number average molecular weight of 100- 
50.000. 

7. A method for producing a silane copolymer which comprises a step off polycondensing one or more organic sQane 
compounds (I) having a hydrophilic group represented by the following general formula (I): 



R\3.m)Si(OH)„A-B 



(I) 



wherein m represents 2 or 3. R^ represents an alkoxy group, a hydrogen atom or an alkyi group having 1 to 3 car- 
bon atoms. A is a connecting moiety and represents at least one group selected from a methylene group, propylene 
group. -(CH2)30CH2CH(OH)CH2-. -(CH2)3S-. - (CH2)3NH- and -(CH2)30COCH2CH2-. and B represents a 
hydrophilic organic group with one or more silane compounds (III) represented by the following general formula (III): 



R2„Si(OH)pY(4.p^n) 



(III) 



wherein n represents an integer from 0 to 2. p represents an integer from 2 to 4. n+ps4 . R^ repr^ents an organic 
group in which a carbon atom is directly connected to the silicon atom and when n is 2, the two R^ groips may be 
the same or different, and Y represent at least one group selected from an alkoxy group, hydrogen atom and siloxy 
group and when 4-p-n is 2. the Y groups may be the same or different. 

The method for producing a silane copolymer according to claim 7 which further comprises a step of reacting one 
or more silane compounds represented by the following general formula (V): 

RSgSKOH) (V) 
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wherein represent an organic group in which a carbon atom is directly connected to the silicon atom and the 
three groups may be same or different, with the resulting silane copolymer obtained by polycondensing the 
organic silane compounds of the formula (I) with the silane compounds of the formula (III). 

5 9. A cosmetic which comprises the silane copolymer according to claim 1 or 2. 
1 0. A cosmetic according to daim 9 which is applied to hair or skin. 
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Fig, 1 
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Fig. 3 
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Fig. 4- 
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Fig. 5" 
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Fig. G 
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Fig. 7 
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Fig* 
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Fig. S 
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Fig. 10 
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Pig. I I 
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